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Description 

Image Quality Improvement For SENSE 
With Low Signal Regions 

Background of Invention 

[0001] The present invention relates generally to Magnetic Reso- 
nance Imaging (MRI) systems, and more particularly, to a 
method and system for improving image quality. 

[0002] Magnetic Resonance Imaging (MRI) is a well-known medi- 
cal procedure for obtaining detailed, one, two and three- 
dimensional images of patients, using the methodology of 
nuclear magnetic resonance (NMR). MRI is well suited to 
the visualization of soft tissues and is primarily used for 
diagnosing disease pathologies and internal injuries. 

[0003] Typical MRI systems include a superconducting magnet 
capable of generating a strong, homogenous magnetic 
field around a patient or portion of the patient; a radio- 
frequency (RF) transmitter and receiver system, including 
transmitter and receiver coils, also surrounding or im- 
pinging upon a portion of the patient; a magnetic gradient 



coil system also surrounding a portion of the patient; and 
a computer processing/imaging system, receiving the sig- 
nals from the receiver coil in the form of Fourier trans- 
forms and processing the signals into interpretable data, 
such as visual images. 
[0004] The superconducting magnet is used in conjunction with a 
magnetic gradient coil assembly, which is temporally 
pulsed to generate a sequence of controlled gradients in 
the main magnetic field during an MRI data gathering se- 
quence. 

[0005] SENSE (SENSitivity Encoding) is a technique for reducing 
MRI data acquisition time using multiple surface coil ar- 
rays. Generally, it reduces acquisition time by increasing 
the step size between phase encoding lines of the Fourier 
transform or by reducing the field of view (FOV). If an ob- 
ject extends outside the reduced field of view, however, 
aliasing (or wrap-around) occurs in the phase encoding 
direction. The aliasing includes replications of the object 
(called aliased replicates) in the phase encoding direction. 
The spacing of the replications is inversely related to the 
step size between phase encoding lines of the Fourier 
transform. Using SENSE to reduce scan time therefore de- 
creases the spacing between aliased replicates in the im- 



age. SENSE processing combines aliased multicoil images 
to remove the aliasing from the final image. 

[0006] Aliasing can be removed from multicoil images because 
the aliased replicates ("overlaps") have different coil 
weighting factors. The expected number of aliased repli- 
cates at each pixel is defined as the "overlap structure." 
SENSE processing calculates an expected overlap structure 
and then uses (previously measured) surface coil receive 
Bl fields ("sensitivities") to combine multicoil data to re- 
move aliasing from the final image. Optimal SENSE image 
quality requires an accurate measurement of the coil sen- 
sitivities and a correct calculation of the overlap structure. 
Inaccuracies in coil sensitivities lead to uncorrected alias- 
ing in the final image. Inaccuracies in the overlap calcula- 
tion lead to either uncorrected aliasing or increased noise 
in the final image. Scan regions with low signal ("holes") 
lead to degraded SENSE image quality because coil sensi- 
tivity is hard to measure accurately and attempts to un- 
wrap noise aliasing increase noise in the final image. 

[0007] Th e new technique should minimize aliasing degradation 
in SENSE images and should improve SENSE signal-to 
noise-ratio (SNR). The present invention is directed to 
these ends. 



Summary of Invention 

[0008] | n accordance with one aspect of the present invention, an 
imaging method for an MRI system includes: identifying at 
least one low signal region within a scanning volume; cal- 
culating the overlap structure of the scanning volume 
(hereafter called an overlap calculation); substantially 
eliminating the at least one low signal region from the 
overlap calculation thereby generating an adjusted overlap 
structure; and generating at least one SENSE calculation in 
response to the adjusted overlap structure. 

[0009] | n accordance with another aspect of the present inven- 
tion, an MRI system includes a substantially cylindrical 
member defining a scanning bore. A coil assembly, in- 
cluding a first coil, is mounted in the scanning bore and is 
adapted to receive a scan signal and is further adapted to 
generate an image signal in response to the scan signal. 
An image reconstructor is adapted to receive the image 
signal and reconstruct an image therefrom through logic 
adapted to: identify low signal regions within a scanning 
volume, generate overlap calculations for the scanning 
volume, substantially eliminate the low signal regions 
from the overlap structure calculations thereby generating 
an adjusted overlap structure, and generate SENSE calcu- 



lations in response to the adjusted overlap structure. A 
scan controller is adapted to generate the scan signal. 

[0010] The advantages of the present invention include improved 
image quality due to lower noise and less uncorrected 
aliasing in SENSE scans with low signal regions within the 
image boundaries. In particular, this invention makes 
SENSE an efficient technique for coils with large central 
regions having low coil sensitivity, e.g. those used in a bi- 
lateral breast scan. 

[001 1] The present invention itself, together with attendant ad- 
vantages, will be best understood by reference to the fol- 
lowing detailed description, taken in conjunction with the 

accompanying FIGURES. 
Brief Description of Drawings 

[0012] For a more complete understanding of this invention ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying FIGURES and de- 
scribed below by way of examples of the invention 
wherein:FIGURE 1 is a block diagrammatic view of an MRI 
system in accordance with one embodiment of the present 
invention;FIGURE 2 is an output diagram of a scanned ob- 
ject prior to reconstruction in accordance with another 
embodiment of the present invention; FIGURE 3 is an al- 



ternate output diagram of a scanned object prior to re- 
construction in accordance with another embodiment of 
the present invention; andFICURE 4 is a logic flow diagram 
of a method for MRI scanning in accordance with another 

embodiment of the present invention. 
Detailed Description 

[0013] while the present invention is described with respect to a 
method for optimizing SENSE image quality by removing 
low signal regions within the image from the overlap cal- 
culation, the present invention may be used when SENSE is 
applied to many types of MR scanning, including: mag- 
netic resonance spectroscopy systems and magnetic reso- 
nance angiography, as will be understood by one skilled 
in the art. 

[0014] | n the following description, various operating parameters 
and components are described for one constructed em- 
bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0015] Also in the following description, an MRI system compo- 
nent may include any one of the following: a supercon- 
ducting magnet, a superconducting magnet support 
structure, a gradient magnet assembly, an image recon- 
structor 15 containing the SENSE processing logic, and 



any other MRI system component known in the art. 

[0016] The present invention solves the problem of degraded 

SENSE image quality from low signal regions within an im- 
age through including hole locations in the SENSE calcula- 
tion of an overlap structure. Low (background) signal re- 
gions are identified, for example, by thresholding calibra- 
tion scan data. After these regions are identified, they are 
assumed not to cause aliasing in the SENSE scan. They are 
removed from (or not included in) normal overlap calcula- 
tions, and their (poorly measured) coil sensitivities do not 
enter the SENSE calculations. In the final SENSE image, the 
(generally uninformative) hole region is either recon- 
structed, or "blanked" rather than reconstructed. One 
skilled in the art will realize that SENSE, as applied in the 
present invention, reduces scan time by reducing required 
Fourier measurements. 

[0017] Referring to FIGURE 1, a block diagrammatic view of an 
MRI system 2 is illustrated. The MRI system 2 includes a 
substantially cylindrical member 4 that defines a scanning 
bore 6. The scanning bore 6 includes a coil assembly 8 
including a first coil 9 mounted therein. Operation of the 
first coil 9 is controlled through a scan controller 13 
(sequence control), which will be discussed in detail later. 



An image reconstructor 15 is also coupled to the coil as- 
sembly and will be discussed later. 

[0018] The MRI system 2 further includes a toroidal vacuum ves- 
sel 46 that includes the cylindrical member 4 that defines 
the scanning bore 6 and extends parallel to the longitudi- 
nal axis at the center 30 thereof. On a first exterior side 
50 of the cylindrical member 4, which is the longitudinal 
side farthest away from the center 30 of the scanning 
bore 6, is a magnetic gradient coil assembly 52. A radio- 
frequency (RF) shield 58 is applied to the magnetic gradi- 
ent coil assembly 52. 

[0019] The coil assembly 52, mounted in the scanning bore6, in- 
cludes a first coil 31. The coil assembly 52 receives the 
scan signal and generates an image signal, typically in the 
form of a discrete set of Fourier transforms, in response 
to the scan signal. 

[0020] The MRI system 2 further includes a static magnet struc- 
ture 12 including a superconducting magnet 14 having a 
plurality of superconducting magnetic field coils 16 which 
generate a temporally constant magnetic field along a 
longitudinal z-axis of the scanning bore 6. The supercon- 
ducting magnet coils 16 are supported by a supercon- 
ducting magnet coil support structure 20. 



[0021] A n rf transmitter 64 is connected to the scan controller 
13 (sequence controller) and the first coil 31. The scan 
controller 13 controls a series of current pulse generators 
68 via a gradient coil controller 70 that is connected to 
the magnetic gradient coil assembly 52. The RF transmit- 
ter 64, in conjunction with the scan controller 13, gener- 
ates pulses of radio-frequency signals for exciting and 
manipulating magnetic resonance through the static mag- 
net structure 12 and in selected dipoles of a portion of the 
subject within the scanning bore 6. Signals are generated 
therefrom that are later arranged to generate an image 
signal or regular image data, as will be understood by one 
skilled in the art. 

[0022] j n e scan controller 13 also generates a calibration scan to 
identify low signal regions within the scanning volume 
and therefrom generates a calibration scan signal. The 
calibration scan is typically conducted prior to the regular 
scan, as will be understood by one skilled in the art. 

[0023] The image reconstructor 15, in one embodiment, receives 
the image signal and the calibration scan signal. This oc- 
curs through a radio-frequency receiver 72, connected 
with the first coil 31, for demodulating magnetic reso- 
nance signals emanating from an examined portion of a 



subject. The image reconstructor 15 reconstructs the re- 
ceived magnetic resonance signals (image signal) into an 
electronic image representation that is stored in an image 
memory 76. 

[0024] | n t he present embodiment, the image reconstructor 15 
receives the image signal and reconstructs an image 
therefrom through logic that: generates overlap calcula- 
tions, substantially eliminates low signal regions from the 
overlap calculations thereby generating an adjusted over- 
lap structure, and generates SENSE calculations in re- 
sponse to the adjusted overlap structure. 

[0025] The image reconstructor 15 further receives the calibra- 
tion scan signal and substantially eliminates low signal re- 
gions from the overlap calculations in response thereto, 
as was previously mentioned. 

[0026] SENSE reconstruction through SENSE calculations, in the 
Cartesian case, is conducted by first creating an aliased 
image for each array element using a discrete Fourier 
transform (DFT). 

[0027] The second step is to create a full-FOV image from the set 
of intermediate images. This involves decomposing the 
signal superposition underlying the fold-over effect. That 
is, for each pixel in the reduced FOV, the signal contribu- 



tions from a number of positions in the full FOV are sepa- 
rated. These positions are separated by a distance equal 
to the size of the reduced FOV. 

[0028] An image reconstruction device, such as a video processor 
78 converts stored electronic images into an appropriate 
format for display on a video monitor 79. 

[0029] Referring to FIGURE 2, a data sample 80 lacking SENSE 

calculations, and a data sample 82 of the same object, us- 
ing SENSE calculations, is illustrated. FIGURE 2 further il- 
lustrates the use of edge information in the present in- 
vention to improve image quality. The edge information is 
obtained through a separate scan, e.g. a calibration scan, 
which senses the edge 81 of the circle 83. Essentially, 
edge information improves SENSE image quality (IQ) by 
decreasing the number of overlaps used in the SENSE cal- 
culations for areas that do not have aliasing. 

[0030] The prescribed field-of-view (FOV) 84 of the sample 80 
surrounds one of the aliased replicates 86. The two clos- 
est aliased replicates 88, 90 are illustrated on either side 
of the FOV 84. The scenario illustrated by 80 does not use 
SENSE (no field of view reduction). In this scenario the 
aliased replicates are far enough apart so that there is no 
overlapping of elements. 



[0031] The SENSE data sample 82 is illustrated having the FOV 92 
surround one Fourier transform element 94 and two of 
the closest aliased replicates 96, 98. The scenario illus- 
trated by 82 uses spacing in the Fourier domain twice as 
far apart As the scenario illustrated by 80. Resultantly, 
scan time is reduced but the aliased replicates are closer. 
Two sections 100, 101 include two aliased replicates, and 
the remainder of the object is illustrated with one repli- 
cate. 

[0032] | n other words, there are two replicates at every pixel in a 
calculation that did not consider edges. By including 
edges, SENSE processing only sees one replicate in several 
regions, including the center of the image (dataset 94). 

[0033] Referring to FIGURE 3, a data sample 106 lacking SENSE 

calculations, and a data sample 108 of the object (which is 
here illustrated as an object including a central hole 109), 
using SENSE calculations, is illustrated. The central hole 
109 is a region wherefrom a low signal is generated. Low 
signal is generated from regions having, for example: low 
coil sensitivity, no tissue, or a signal suppression from the 
pulse sequence.The prescribed field-of-view (FOV) 110 of 
the sample 106 surrounds one of the aliased replicates 
112. The two closest aliased replicates 114, 116 are i 1 1 us— 



trated on either side of the FOV 110. In the scenario illus- 
trated the adjacent aliased replicate spacing is far enough 
apart so that there is no overlapping of elements. 
[0034] T he SENSE data sample 108 is illustrated having the FOV 
118 surround one aliased replicate 120 and two of the 
closest aliased replicates 122, 124. The spacing in the 
Fourier domain twice as far apart as the scenario illus- 
trated by 106. Resultantly, scan time is reduced but the 
aliased replicates are closer. Four sections 126, 128, 130, 
132 include two aliased replicates, and the remainder of 
the object is illustrated with one replicate and holes 134, 
136, 138 occurring between the overlap sections 126, 
128, 130, 132. 

[0035] when there are low signal regions within the object, the 

number of aliased replicates is decreased in additional re- 
gions in the SENSE image. In the above example, consid- 
ering holes and edges reduces the number of aliased 
replicates to one everywhere except the four small square 
regions 126, 128, 130, 132 where the rings 120, 122, 
124 overlap. 

[0036] when holes are accounted for in SENSE calculations, the 
number of aliased replicates is reduced in areas where 
hole and signal regions overlap. Since SENSE image quality 



is related to overlap structure, these areas can have image 
quality similar to that produced by longer SENSE scans 
(without holes), which produce less aliasing for correction. 

[0037] SENSE, in the present invention, decouples coils in a si- 
multaneous acquisition of two separate volumes, such as 
the two sagittal volumes in a bilateral breast scan. For 
these scans, SENSE processing is setup as a single large 
volume with a discarded central region. The present in- 
vention improves image quality for this type of scan by 
treating the central region as a hole. 

[0038] Referring to FIGURE 4, a logic flow diagram 150 of a 

method for MRI scanning, in accordance with another em- 
bodiment of the present invention, is illustrated. 

[0039] Logic starts in operation block 152 where a (thresholding) 
calibration scan is run either in response to a signal from 
a scan operator or through a preset program within the 
scan controller. 

[0040] | n operation block 154, low signal regions are identified 
through, for example, the thresholding calibration scan 
data. After these regions are identified, they are assumed 
not to cause aliasing in the SENSE scan. 

[0041] | n operation block 156, low signal regions are removed 
from (or not included in) overlap calculations, and the re- 



spective coil sensitivities do not enter the SENSE calcula- 
tions. 

[0042] | n operation block 160, SENSE calculations are generated 
during a SENSE scan operation, and in the final SENSE im- 
age, in operation block 162, the hole regions are either 
reconstructed using a SENSE calculation, or blanked rather 
than reconstructed. 

[0043] | n operation, a method for MRI scanning includes generat- 
ing a calibration scan of a scanning volume thereby ob- 
taining edge information. Low signal regions are identified 
within the scanning volume. Overlap calculations of the 
scanning volume are generated. Low signal regions are 
substantially eliminated from the overlap calculations 
thereby generating an adjusted overlap structure. A SENSE 
scan is then conducted, and SENSE calculations are gener- 
ated in response to the adjusted overlap structure. An im- 
age of the scanning volume is reconstructed in response 
to the SENSE calculations. 

[0044] The above-described steps are meant to be an illustrative 
example. The steps may be performed synchronously or 
in a different order depending upon the application. 

[0045] The above-described apparatus, to one skilled in the art, 
is capable of being adapted for various purposes and is 



not limited to the following systems: MRI systems, mag- 
netic resonance spectroscopy systems, and other applica- 
tions where image quality is an issue following scan oper- 
ations. The above-described invention may also be varied 
without deviating from the spirit and scope of the inven- 
tion as contemplated by the following claims. 



